Most discussions of supersymmetric grand unified theories assume universality of the soft supersymmetry breaking terms at the grand scale. We point out that the behaviour of these theories might change significantly in the presence of nonuniversal soft terms. Particularly in SO(10)-like models with a large value of tanβ we observe a decisive change of predictions, allowing the presence of relatively light gauginos as well as small supersymmetric corrections to the b-quark mass. Some results remain rather stable, including the µ-M 1/2 correlation. Models with small tanβ seem to be less affected by non-universality which mainly leads to the new possibility of small m 0 (i.e. the squark and slepton soft mass parameter), excluded in the universal case.
Properties of supersymmetric grand unified models (SUSY-GUT's) depend crucially on the values of the supersymmetry breaking terms. These terms include masses for the partners of the quarks and leptons, for the Higgs-bosons and the gauginos, as well as trilinear (A-terms) SUSY-violating interaction terms. The values of these terms cannot be understood within the framework of SUSY-GUT's; they are free input parameters to be chosen at the grand unified scale M X . Thus soft terms are a signal of a more fundamental theory in which SUSY-GUT's should be embedded.
The simplest choice would correspond to universal soft terms at the GUT-scale. Usually one assumes universality of scalar masses m 2 0 , gaugino masses M 1/2 and A-parameters. The absence of flavour changing neutral currents puts constraints on the mass difference of squarks with the same charge. Universality of squark masses can be achieved through the choice of minimal kinetic terms in an underlying supergravity theory. It would imply that the non-gauge interactions have universal coupling strengths to all matter fields. In any case the choice of universal terms is an ad hoc assumption. Other choices might be equally well motivated and deserve further attention given the precision with which we can determine the gauge coupling constants.
There also exist theoretical arguments for a non-universality of the mass terms. In many supergravity models the Higgs superfields belong to a different sector than the matter superfields containing quarks and leptons. The Higgs multiplets might reside in sectors with N=2 supersymmetry and are more closely related to the gauge multiplets than to the N=1 chiral matter superfields. Since there are no restrictions on the Higgs masses from flavour changing neutral currents, one might consider the Higgs-mass as a separate input parameter that might differ from m 2 0 of the matter fields. Moreover, explicit examples of orbifold string theories indicate the possibility of non-universal soft terms [1] and the same is true in general supergravity theories [2] .
A second related question concerns the actual scale at which the (universal) terms are defined. In the underlying theory the fundamental scale (e.g. the Planck scale M P l ) might differ from M X . Even in a framework of universal soft terms (most naturally chosen at M P l ) one would encounter non-universal behaviour at M X [3] . Heavy threshold effects might strongly influence the spectrum of the soft terms at the very high scales.
Given this situation it seems to be mandatory in a discussion of SUSY-GUT's to work out explicitly the consequences of non-universal soft terms. At present we know a lot about SUSY-GUT's with universal terms [4] - [13] . If we include the assumption of Yukawa coupling unification and radiative electroweak symmetry breaking, we are in many cases led to a very restrictive model with some definite predictions. We have then to investigate the stability of these predictions in the absence of universal mass terms. These are the questions we want to study in the present paper. Certain aspects of non-universal breaking terms have already been addressed in ref. [3, 14] .
In our analysis we assume the Minimal Supersymmetric Standard Model (MSSM) particle spectrum below the unification scale and require: i) Exact gauge coupling unification at M X .
ii) Third generation Yukawa coupling unification: We will examine in turn the large and small tanβ regimes (tanβ = υ 2 υ 1 is the ratio of the vevs of the two Higgs doublets), requiring in the first case that all three Yukawas unify (SO(10)-like unification), while in the second case that only the bottom and tau Yukawa couplings unify (SU(5)-like unification). Again exact unification at the scale M X is assumed.
iii) Radiative electroweak breaking: Starting with a symmetric theory at the unification scale, we require a proper breakdown of the SU(2)×U(1) electroweak symmetry induced through radiative corrections to the Higgs sector parameters.
In imposing gauge and Yukawa coupling unification we use the MS-values [15] 
of the electroweak couplings at M Z to determine M X and α G , the unification scale and the gauge coupling at this scale respectively. The pole-mass value M τ =1.78GeV [16] of the tau lepton is used to determine the common value h b (M X ) = h τ (M X ) of the b-and
The aim of the present analysis is to investigate the phenomenological implications of non-universal soft breaking terms at the unification scale. We will mainly concentrate on two examples of non-universality, namely: i) Disentangling the Higgs soft masses from the rest of the scalars:
at M X , with m H being independent of m 0 . ii) Relaxing the universality within the Higgs sector:
We in addition investigated the effect of non-universal gaugino masses and we will also briefly comment on the effect of lifting the universality between up-and down-type squarks.
We follow an up-down approach, renormalizing parameters from the unification scale down to low energies. Two-loop RGE's are used for the gauge and Yukawa couplings, oneloop for the soft mass parameters. In examining the breaking of the electroweak symmetry we minimize at M Z the renormalization-group improved tree-level Higgs potential, and take into account the corrections coming from the mass splitting in the supermultiplets by decoupling heavy superpartners below some common scale M S . The most sizeable corrections to the Higgs potential parameters come from the mass splitting in the quark and gluon supermultiplets. We therefore decouple the squarks and the gluino at the scale M S and use below this scale the RGE's given in ref. [18] , with the appropriate matching conditions for the Higgs potential parameters at the threshold [18, 5] . M S is chosen so as to minimize these threshold corrections and we require stability of our results against reasonable variations of M S in the range of the squark masses. Between M X and M S the well-known MSSM RGE's are used (for easy reference see e.g. the appendix in ref. [5] ).
In scanning the parameter space of the soft masses, we have excluded solutions in which the squarks are too heavy. For practical purposes a limit of ∼2.5TeV has been imposed on the squark masses. We also impose the experimental lower bounds on the sparticle spectrum, the most relevant being a lower bound of approximately 110GeV on the gluino and 45GeV on the lightest stop.
A crucial parameter of the MSSM is tanβ. As we have already mentioned, the requirement of gauge and b-τ Yukawa coupling unification gives us a prediction of the top quark pole-mass as a function of tanβ [19, 20] . For the top quark to be lighter than 200GeV (and indeed in the range recently reported by CDF [21] ) two disjoined regimes for tanβ are allowed: a low regime with tanβ of the order of one and a high regime with tanβ between approximately 35 and 60. One should note that this prediction ignores corrections to the bottom and tau masses induced by heavy sparticle loops, which can be quite important when tanβ is large [22] . We will further comment on this point later on.
We performed our analysis for both tanβ regimes. When tanβ is large it can account for the mass hierarchy between the top and the bottom quark so the corresponding Yukawa couplings have similar values. It is possible then to assume that also h t unifies with h b and h τ , a scenario naturally realizable in the SO(10) unification scheme. On the other hand this similarity of the top and bottom Yukawa coupling values makes the breaking of the electroweak symmetry through radiative corrections difficult to achieve when tanβ is large. The reason for this is that the masses of the two Higgses evolve very similarly when there is no difference between h t and h b , so the condition m can easily be driven negative in large regions of the parameter space, even if one starts with the two Higgs bosons degenerate at M X . Therefore it should be noted that although non-universalities can exist in both scenarios, their role in the large tanβ scheme might be crucial for a more natural realization of radiative electroweak breaking, since they can induce the required hierarchy of the Higgs masses.
We start the presentation of our results with the large tanβ case. To be concrete we choose the specific value of tanβ=55, but the effects are qualitatively the same for the whole range, for which SO(10)-like unification is phenomenologically viable. For this value of tanβ the unification prediction for the strong gauge coupling is α 3 (M Z ) ≃0.130, for the top quark pole-mass M t ≃192GeV and for the bottom pole-mass M b ≃5.5GeV. These predictions are obtained if the supersymmetric RGE's are integrated all the way down to M Z , while slightly lower values for α 3 (M Z ) and M t (∼0.126 and ∼186GeV respectively) are predicted if one decouples the sparticles at an effective scale T SU SY larger than M Z [23, 19] . Note that the prediction for M b is somehow larger than the upper bound quoted for this quantity (∼5.2GeV). One should however be cautious, since for large tanβ the corrections to the bottom mass coming from heavy sparticle loops can be very big depending on the spectrum of the superpartners. We will address this issue in our discussion of the radiative electroweak symmetry breaking.
The dominant features observed in our analysis can be read off from figures 1 through 4. In each of these figures three different kinds of regions can be identified, corresponding to the following three cases studied:
Case A -Universal soft breaking terms: Depicted by the shaded regions enclosed in dotted lines.
Case B -Independent Higgs soft parameter: A Higgs soft parameter m H independent of m 0 has been introduced and the boundary conditions (6) are imposed at M X . The solution points lie within the solid lines.
Case C -Non-degenerate Higgs doublets: The solution points enclosed by the dashed lines correspond to the following boundary conditions at the unification scale:
where m 0 is the common mass parameter for squarks and sleptons at M X .
Our main conclusion from the study of non-universalities in the large tanβ regime is that radiative electroweak breaking and grand unification can be realized much more naturally, if one starts with non-universal soft masses within the Higgs sector. Aspects of this conclusion are present in all four figures presented. In Fig. 1 and M 1/2 is restricted from below only through the experimental bound on the gluino. These two effects have important consequences for the predicted sparticle spectrum and therefore also for the supersymmetric corrections to the bottom mass as we will see in the discussion of Fig. 2 and 4 . In all three cases A,B and C very small values of m 0 would result in the lightest stau being lighter than the lightest neutralino and we exclude these solutions by requiring the lightest supersymmetric particle (LSP) to carry no charge.
In Fig. 2 the M 1/2 -µ plane is depicted with µ evaluated at M Z . The tight correlation between M 1/2 and µ in the universal case has already been pointed out in ref. [10] , where it has also been described with the help of semi-analytical formulas. A crude way to understand this correlation, at least for most of the solutions, is the following: At low energies both m Let us now turn to some characteristic features of the predicted sparticle spectrum. An important observation is that radiative electroweak breaking requires µ to be always significantly larger than M 1/2 . This has the effect that the mixing of the neutralinos and the charginos is small and therefore the lightest neutralino and the lightest chargino are an almost pure bino and an almost pure wino respectively. In Fig. 3 we plot the lightest chargino tree-level mass versus µ for the three cases A,B and C. A noteworthy feature is that certain non-universalities (e.g. case C) allow for fairly light chargino masses, whereas with universal soft terms there is a lower bound of ∼300GeV for the lightest chargino. The same applies for the lightest neutralino which can be as light as ∼45GeV in case C while in the universal case it is always heavier than ∼150GeV. These observations are of course directly related to the lower bound on M 1/2 in the various cases.
Closely related to the predicted sparticle spectrum are the corrections to the bottom mass coming from sparticle loops. The dominant corrections come from sbottom-gluino and stop-chargino loops [22] . Defining the running bottom mass by m b = h b υ 1 (1 + δm b ), the magnitude of the corrections is given by the approximate formula [10] :
where K 1 , K 2 are coefficients of order one, Mg is the gluino mass and m 2 max1 , m 2 max2 the squared masses of the heaviest particles running in the corresponding loops. We evaluate the corrections at the electroweak scale. Both corrections are proportional to tanβ and therefore can be very large if the mass ratios appearing in (9) are not small. It is clear from Fig. 2 that Mg and µ are closely correlated (Mg=
since the running of A t is very similar to that of Mg, A t is always roughly of the order of Mg. In the universal scenario Mg is very heavy because of the lower limit on M 1/2 , so all three quantities Mg, µ and A t are large. The heaviest particles running in the two relevant loops are in this scenario the gluino and the heavy stop respectively. Since however also the heavy squarks are of the order of the gluino mass, the ratios appearing in (9) are O(1) and the corrections to the bottom mass are not suppressed. The situation is the same if one disentangles the Higgses from squarks and sleptons, since the predicted spectrum is very much like the one of the universal scenario. The possibility of suppressing the corrections arises if one considers case C. The fact that very low values for M 1/2 are allowed in this case, while at the same time m 0 can be large (see Fig. 1 ), gives solutions with squarks quite heavier than Mg and A t . This means small ratios in (9) and therefore suppressed corrections.
The above remarks are reflected in Fig. 4 . For the cases A and B the supersymmet-ric corrections to the bottom mass are in all solutions of the order of 30%, positive or negative depending on the sign of µ. So in these cases the prediction M b =5.5GeV for the uncorrected mass is modified to M b =4.2GeV or M b =6.9GeV (depending on the sign) when corrections are taken into account. Both value lie outside the range quoted for the b pole-mass. In case C the situation is different: There are solutions covering the whole range of corrections between 5% and 60%. So although also in this case very large corrections are not excluded, the solutions with M 1/2 small provide the possibility of suppressing them and successfully predicting the bottom quark mass: Negative corrections between 15% and 5% would give 4.7GeV≤ M b ≤ 5.2GeV.
Until now we have concentrated on non-universalities directly related to the Higgs sector, a natural thing to do if one wants to study the radiative breaking of the electroweak symmetry. However non-universalities introduced in other sectors of the theory can also affect the process of symmetry breaking, since these sectors couple to the Higgs sector and therefore affect the running of the Higgs potential parameters. Relaxing the universality within the gaugino sector at M X causes negligible modifications of the solution space. This is so because essentially only M 1 plays a decisive role in the process of symmetry breaking (it differentiates the running of m This is an indirect way to make the two Higgses non-degenerate, a fact also reflected in the solution space of such scenarios which looks very similar to that of case C. It should however be noted that because of the indirect way the non-degeneracy is induced, a mass splitting of the order of 40% between up-and down-type squarks is needed, in order to significantly affect the process of radiative electroweak breaking. Mass splittings of the order of 20% only reproduce the solution space of the universal scenario.
Let us finally turn to the low tanβ regime. We will present illustrative results for tanβ=1.8, for which unification predicts the strong gauge coupling to be α 3 (M Z )=0.129 and the top pole-mass M t =187GeV, when T SU SY = M Z (for T SU SY =500GeV one finds α 3 (M Z ) ≃0.123 and M t ≃185GeV).
In Fig. 5 we show the m 0 -µ plane with the three types of regions corresponding again to the cases A,B and C defined previously. Let us first consider more closely the universal scenario. When tanβ is small there is a large hierarchy between h t and h b (and between h t and h τ , of course, but we ignore the latter in the following discussion since its contribution is very small). Moreover the requirement of b-τ unification is only fulfilled for very large values of h t [24, 19, 20] , which means that at low energies h t is always very close to its infrared quasi-fixed point value [25] . These two facts make h t dominate in the process of radiative electroweak symmetry breaking when tanβ is small. This has as a consequence that if one wants to drive m In short we can have vanishing m 0 with squarks below 2.5TeV.
We thus have seen that many predictions of conventional SUSY-GUT's are changed in the presence of non-universal soft breaking terms. The importance of this nonuniversality is most prominent in SO(10)-like models with large tanβ. There some of the main conclusions of the universal case have to be revised. Small values of M 1/2 are now allowed bringing back the lightest charginos and neutralinos in the experimentally accessible mass range. The presence of these light particles in the large tanβ regime might also have consequences for a discussion of the supersymmetric corrections to the Zbb-vertex. The presence of non-universal terms is crucial for the size of radiative corrections to the b-quark mass from supersymmetric particles. While in the universal case these corrections are always large (when tanβ is large), they might be reduced in the nonuniversal case.
Fortunately, however, there are many situations where the effects of non-universal terms are less important. In the presence of large M 1/2 this happens very often since in that case the radiative corrections to the soft masses tend to wash out any primeval non-universality. The case of small tanβ is less affected by non-universality, as could have been expected. Here a split of the two Higgs masses is not so important, since radiative symmetry breakdown can be achieved for a wide region of the (universal) parameter space.
On the other hand a situation where the Higgs masses are split from squark and slepton masses, leads to the new possibility of small m 0 , excluded in the universal case. Otherwise the small tanβ results for the universal case are pretty stable. Even in the case of large tanβ some predictions remain rather insensitive to non-universalities. In particular we note the the stability of the µ-M 1/2 correlation as shown in Fig. 2 .
Thus many results of the universal case might have more general validity. Nonetheless one should be aware of the fact, that in a given model the specific predictions should be carefully worked out. Especially in models with large tanβ we find large sensitivity to a non-universality of the soft terms that might have decisive influence on the phenomenological properties. Figure 5
